Abstract. Cellulase (j3-1,4-glucan-glucanohydrolase EC 3.2.1.4) activity increased during abscission and was localized in the cell separation layer of Phaseolus vulgaris L. cv. Red Kidney (bean), Gossypium hirsutum L. cv. Acala 4-42 (Cotton) and Coleus blumei Benth. Princeton strain (Coleus) abscission zone explants. Cellulase activity was optimum at pH 7, was reduced by one-half after heating to 550 for 10 min, and was associated with the soluble components of the cell. Explants treated with aging retardants (indoleacetic acid, 6N-benzyladenine, and coumarin), CO2, actinomycin D or cycloheximide had less cellulase activity than untreated controls. Ethylene increased cellulase activity of aged explants after a 3-hr lag period but had no effect on cellulase activity of freshly excised explants. It was concluded that 1 of the roles of ethylene in abscission is to regulate the production of cellulase which in turn is required for cell separation.
explants. In his experiments indoleacetic acid was used as the abscission retardant and methionine as the accelerant. However, it is likely that the stimulatory effect of methionine was due to a stimulation of ethylene production ( I). Rasmussen (20) aiso reported that decreasing levels of pectin methylesterase were associated with aging bean explants. Rasmussen also found that polvgalacturonase aictivitv (lecreased during abscission.
Using the loss of cellular material froiii cucumnber slices as an assay for pectinase, Morre (17) reported that increasing enzyme activity was associated with abscission of bean petiole explants. A second enzvme known to increase during abscission is cellulase. Horton and Osborne (14) reported that cellulase activity was localized in the separation layer of bean explants and that 2,4,5-trichlorophenoxyacetic acid inhibited cellulase activity while ethylene increased it.
Ethylene action, during abscission is thought to be hormonal; that is, regulating the production of enzymes required for cell separation by regulating RNA and protein synthesis (2) . This report presents experiments designed to support the above hypothesis, by showing that the regulation of cellulase activity by ethylene corresponds to data obtained earlier on the regulation of RNA and protein synthesis by ethylene.
Materials and Methods
Cellulase (/3-1,4-glucan-glucanohydrolase EC 3.2. 1.4) was assayed by measuring the loss of viscosity of a sodium carboxymethyl cellulose (CMC) solution with a model LVT Wells-Brookfield microviscometer (Brookfield Engineering Laboratories, Stoughton, Massachusetts). This cone plate viscometer was found to be especially useful for measuring small samples (1 ml) of cellulase (21) over a range of 0 to 2000 centipoises and has been described earlier (23) . The cellulase activity reported in this paper represents C, cellulase as opposed to Cl cellulase according to the criteria of Mandels and Reese (16) . C1 cellulase acts on native or crystalline cellulose in suclh a wvay that subsequent action by C, cellulase becomes possible. C, is thought to act mainly oCt modified cellulose or cellulose derivatives such als CMC. Operationally, C, cellulase activity, is meas ured by its action on absorbent cotton, using an increase in reducing groups as the criterion of activity. However, explant cellulase failed to hydrolvze absorl.nt cotton even after prolonged incubation and at a var-iety of pH's. A 1.5 % CMC solution was prepared by slowly adding powdered CMC (Nutritional Biochemicals Corporation) to 0.05 M potassium phosphate, pH 7, 0.05 M NaF in a Waring Blendor and then autoclaving the mixture for 15 min. After the solution cooled, toluene to give a 0.5 % solution was added as a preservative.
Cellulase activity was measured by adding 1 ml of enzyme solution to 1 ml of 1.5 % CMC held at 400. Enzyme preparations with high activity were analyzed by placing 1 ml of the enzyme substrate mixture in the viscometer and determining the viscosity 10 min after mixing. The viscosities of prep-arations with lower activity were determined after a 4-to 6-lhr incubation period at 400. The enzyme substrate mixture was equilibrated in the viscometer for 10 min before determining viscosity. While methods for expressing cellulase activity in absolute terms have been proposed (8, 9) 
Results
Preliminary experiments consisted of assayinig for cellulase activity in various parts of abscission zone explants before and after abscission. In the case of bean explants, the pulvinus represents the top 3 mm, the separation layer the middl,e 2.5 mm, and the petiole the remaining 4.5 mm. The petiole of cotton explants represents the top 2.5 mm of cotyledonary petiole, the separation layer the remaining petiole tissue flush with -the stem and nodal tissue the stem tissue between the 2 petiole bases. Nod,e number 4 Coleus explants were sub-divided in a similar manner. To insure that the cellulase activity did not represent bacterial contamination, bean and cotton explants were surfaced sterilized with a 30-sec wash of 2 % NaOCI, followed by The heat stability of cellulase was tested by exposing aliquots of the enzyme to different temperatures for 10 min and measuring subsequent cellulase activity at 40'. A 10-min treatment at 400 hlad no effect on activity, a 550 treatment caused 50 % loss in activitv, wN-hile 60°inactivated the enzynme when compared to a control held at O).
A comparison between bean and commercial cellulase (Calbiochem Corporation) concentration and the reduction of CAIC viscosity is shown in Fig. 1 Explants (190) were aged in air for 24 hr, in 10 ppm ethylene 24 hr, and homogenized in 8 ml 0.05 M phosphate buffer, pH 7. The homogenate was filtered thru Miracloth and centrifuged at 10,000g for 10 min. Various portions of the homogenate were mixed with 1.5 % CMC (phosphate buffer was used to make up the differences in volume) and the viscosity measured after 10 min. The cellulase was used as purchased from a commercial source.
The time course for cellulase formation in explants that received a 20-hr aging period is shown in Fig. 2 . Aged explants were used in this and subsequent experimlents because earlier work showed that freshly excised explants are insensitive to applied ethylene (7) . As a check, freshly harvested explants were exposed to 10 ppm ethylene for 8 hlr aind the cellulase activity measured after a 6 hr incubation in CMC. The cellulase content from initial 8 hr controls, and 8 hr ethylene treated explants was essentially the same. Samples of 25 explanits were placed either in air or stored in desiccators with 10 ppm ethylene. Samples were withdrawn and frozen every 3 hr for subsequent cellulase assays. As shown in Fig. 2 , a 6-br ethylene treatment caused an increase in cellulase activity compared to air-treated controls.
IAA, coumarin, and 6N-benzyladenine block the ability of ethylene to stimulate abscission (6) indicate that actinomycin D and cycloheximide inhe increase in cellulase activity assohibited the increase in cellulase activity by ethylene. cations of elthylene. In these experi-
The preceding experiments demonstrate that celcits were inserted in agar in 40 ml lulase activity was associated with cell separation of w(ith cheesecloth. After 16 hr the abscission zone explants. I have also found that g explants to be treated with ethylene cellulase activity (%-A7) after 3 hr = 39) occurred e stoppered with rubber vaccine caps. in the basal end (0.5 cm) of freshly abscising Coleus O, were injected into the gas phase petioles while little or no activi'ty I(%-A'r, after 3 hr explants by mean,s of a svringe inless than 8) was present in the remain,ing petiole the rulbber vaccine cap. After 6 hr tissue or in intact leaves further up the stem.
[)p,m ethylene and/or 10 % CO, the moved from the bottles., their separa- (18) found that snail cellulase was rapidly inactivated at 30°.
Ethylene increased cellulase activity of aged separation layer cells after a 3-hr lag period i (Fig. 2) . These findings agree with the earlier observations that ethylene increased RNA synthesis after an hr lag period and protein synthesis after a 2-hr lag period (4 
